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Complex formation between cationic surfactants and oppositely charged nucleic acids 
has been studied extensively in recent years. Three types of DNA-surfactant assemblies, 
including bulk films, lyotropic liquid crystals and hydrogels have been reported. The 
driving force for the formation of these systems is the long-range electrostatic 
interaction between molecules of opposite charge i.e. the polyelectrolyte DNA and 
positively charged surfactants. To understand these interactions is very important to 
realize different packing modes of the complexes and to achieve different structures. 
Thus, the influence of DNA chains, headgroup charge and chain length of chosen 
surfactants, counterions, and other polyelectrolytes on the complex structures have 
been investigated intensitvely and are reviewed in chapter 1. In part, these structural 
investigations were motivated by the application of DNA-surfactant complexes in the 
fields of optoelectronic devices and gene delivery. Due to their physicochemical 
properties such as good temperature stability, wide HOMO/LUMO band-gap, low 
optical absorption and propagation, low optical scattering loss and mechanical 
robustness, DNA-surfactant complexes have been used in lasing, nonlinear optics, light-
emitting diodes, and solar cells. Equally important is potential application as efficient 
non-viral vectors for gene transfection and gene silencing. The study of lyotropic liquid 
crystals of DNA-surfactant complexes has revealed that the assembled mesophase 
structures (e. g., lamellar, hexagonal, and cubic phases) are very important in 
determining delivery efficiencies. Furthermore, the advantages and disadvantages of 
DNA-surfactant complexes for gene therapy and drug delivery have been discussed in 
this chapter.  
Aside from these achievements on DNA-surfactant assemblies (bulk films, lyotropic 
liquid crystals, and hydrogels), here, a new class of DNA-surfactant materials has been 
developed, that represent solvent-free thermotropic liquid crystals. This new soft DNA 
structures was prepared by electrostatic complexation of a single-stranded 
oligonucleotide with a cationic surfactant containing two aliphatic chains (DOAB: 
dimethyldioctylammonium bromide) (chapter 2). After one-step precipitation and 
final lyophylization, solvent-free thermotropic mesophases were obtained at room 
temperature. Lamellar structures of the DNA-DOAB complexes are formed, in which 
the bilayer is composed of a ssDNA sublayer of ∼10 Å thickness that electrostatically 
interacts with a interdigitaed DOAB sublayer of ∼10 Å. Thermal measurements of the 
smectic DNA-DOAB mesophase indicated its stability from -7 to 41 °C, which enables 
the study and application of DNA thermotropic liquid crystalline phase behavior 
without thermal degradation of the biomolecular components. Moreover, this method 
is also applicable to RNA-surfactant complexes, which exhibit very similar liquid 
crystalline properties as DNA.  
It is known that solid-state DNA undergoes thermal degradation at elevated 
temperatures, so the realization of solvent-free DNA fluids remains a challenge. Here we 




dehydration, can be extended as a simple generic scheme for producing solvent-free 
DNA fluid systems (chapter 3). Three surfactants with two aliphatic chains of variable 
lengths, i.e. dioctyldimethylammonium bromide (DOAB), didecyldimethylammonium 
bromide (DEAB), and didodecyldimethylammonium bromide (DDAB), were used to 
prepare the DNA-surfactant fluids including the stable liquid crystals and isotropic 
liquids. It was found that the phase transition temperatures of DNA-surfactant 
complexes can be controlled over a wide temperature range. Smectic DNA mesophases 
have been achieved at temperatures as low as -20 °C and also can be adjusted up to 65 
°C. In particular, we found a new class of modulated smectic liquid crystalline phase in 
DNA-DDAB complex, which exhibits an additional periodicity perpendicular to the 
layer normal, i.e. an in-plane layer undulation. The disordered DNA liquids were 
achieved between 41 °C and 130 °C by selection of the appropriate surfactants. 
Viscoelastic properties of the developed DNA fluids have been investigated, which are 
strongly dependent on the surfactant alkyl chain length and molecular weight of the 
DNA part. 
Our solvent-free DNA-surfactant complexes are fluid, and exhibit high DNA content, 
which make it suitable to be used as easily-processable biomaterials for optoelectronic 
device fabrication. In chapter 4 we report a novel electrochromic device by directly 
injecting DNA-DOAB in a liquid crystal cell. Extraordinary electrochromics without 
supported electrolyte solution are achieved by the soft condensed material. When the 
voltage was switched from 0 to 4 V, the appearance of DNA-DOAB in the isotropic 
liquid phase changed from transparent to magenta. The bleaching state was recovered 
in several seconds when the voltage was switched back to 0 V. In this process, reversible 
anodic oxidation of DNA took place, and the produced radical cations of nucleotide 
bases are responsible for the color appearance. Thus, the isotropic liquid state of DNA-
DOAB complex exhibits switchable electrochromic properties. Switching rates of the 
DNA-DOAB fluids in the isotropic phase have been investigated. We found that the 
response time is correlated with the length of the used oligonucleotides. For instance, 
switch time can be controlled from 15, 30, 80 to 120 seconds by increasing the DNA 
length gradually (6mer, 14mer, 22mer, and 50mer). When cooling the colored DNA-
DOAB to the LC phase while keeping the applied voltage at 4 V, the magenta color was 
conserved. More importantly, the complete coloration state can be continuously 
maintained without decay over an extended period of time (few hours) even after 
removal of the applied voltage. The optical relaxation can be further elongated in the 
crystalline phase (up to 30 hours). Further experiments indicated that the reorientation 
of the DNA-DOAB lamellar layers plays an important role in controlling the long-term 
color relaxation. Thus, a novel optical memory system based on nucleic acid fluids has 
been realized in a simple way. The volatility of stored optical information can be 
modulated conveniently by exploiting the phase behavior of the materials. Due to the 
optoelectronic characteristics of the DNA-surfactant complex LCs, these materials are 





Figure 1. Summary of the new developments based on DNA-surfactant complex. 
Apart from the development of solvent-free nucleic acid fluids and their optoelectronic 
applications, the complexation of DNA with surfactants can also be used as a chemically 
reactive scaffold for the fabrication of amphiphilic oligonucleotides in organic phase 
(chapter 5). We first produced the amino terminated DNA-DDAB complex that can be 
dissolved in a wide range of organic solvents (e.g., DMF, DMSO, THF, and CHCl3). Then, 
a series of activated ester derivatives of hydrophobic molecules (e.g., pyrene, 
triphenylphosphine, and long hydrocarbon chains) were reacted with DNA-DDAB 
complex by amine acylation in a homogeneous organic environment. After treatment 
with highly concentrated salt in solutions, amphiphilic DNA conjugates were released 
from the surfactant shell and the resulting DNA hybrid structure were obtained with 
high coupling efficiencies. We have developed an alternative method of synthesizing 
amphiphile-DNA conjugates by inducing amide bond formation through the reaction of 
acyl chloride-containing hydrophobic molecules (pyrene and triphenylphosphine) and 
amine-terminated DNA-DDAB complexes. Even higher coupling efficiencies (>90%) of 
the target conjugates were achieved without formation of any byproducts conjugated at 
the nucleobase. Moreover, hydrophobic polymers (poly(propylene oxide), polyisoprene, 
and polystyrene) were efficiently coupled with DNA by our novel strategy. DNA diblock 
and triblcok copolymers (DNA-b-PPO, DNA-b-PI, DNA-b-PS, and DNA-b-PS-b-DNA) 
were produced. The present coupling efficiencies of DNA to large hydrophobic polymer 




heterogeneous solution grafting approaches. Therefore, the introduction of DNA-
surfactant complexes as a reactive scaffold for nucleic acid functionalization overcomes 
solubility incompatibilities of in-solution coupling and avoids the harsh reactions of 
deprotection in solid phase synthesis. 
In conclusion, as summarized in Figure 1, we have developed a new soft condensed state 
of DNA-surfactant complexes i.e. DNA thermotropic liquid crystals. Their thermal 
behaviors, mesophase structures, and electrochromic applications have been 
investigated successfully. We also found that DNA-surfactant complexes offers 
extraordinary opportunities for the synthesis of functional DNA molecules in organic 
solvents without the need of any expensive DNA synthesizer. It is believed that the 
results presented in this thesis are crucial for the further development of several fields 
where nucleic acids play an important role like DNA nanotechnology, chemical biology 
and bioelectronics. 
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